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Abstract

Dynamicmemorymanagemerin C++ is oneof the mostcommonareasof dif culty and
errorsfor amateuandexpertC++ developersalike. Theimproperuseof operatomew andop-
eratordelete is aguablythe mostcommoncauseof incorrectprogrambehavior andsegmen-
tation faultsin C++ programs.Herewe introducea templatedconcreteC++ classTeuchos-
:RCP , which is part of the Trilinos tools packageTeuchos , that combinesthe conceptsof
smartpointersandreferencecountingto build alow-overheadut effective tool for simplifying
dynamicmemorymanagemenin C++. We discusswhy the use of raw pointersfor mem-
ory managementnanagedhroughexplicit callsto operatomew andoperatordelete , is so
dif cult to accomplishwithout making mistakesandhow programsthat useraw pointersfor
memorymanagementaneasilybe modi ed to useRCP In addition,explicit callsto operator
delete is fragile andresultsin memoryleaksin the presentof C++ exceptions.In its most
basicusage RCPautomaticallydeterminesvhenoperatordelete  shouldbe calledto free an
objectallocatedwith operatomew andis not fragile in the presentsf exceptions. The class
alsosupportsmoresophisticatedisecasesaswell. Thisdocumentescribegustthemostbasic
usageof RCPto allow developersto getstartedusingit right away. However, moredetailedin-
formationon the designandadvancedeaturesof RCPis providedby the companiordocument
“Teuchos::RCP The Trilinos SmartReference-CountefointerClassfor (Almost) Automatic
DynamicMemory Managemenin C++",

Sandiais a multiprogramlaboratoryoperatecby SandiaCorporation,a Lockheed-MartinCompay, for the United
StatesDepartmenbf Eneigy underContractDE-AC04-94AL85000.
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Teuchos::RCPBeginner's
Guide

An Intr oduction to the Trilinos Smart
Reference-CountedPointer Classfor
(Almost) Automatic Dynamic Memory
Managementin C++

1 Intr oduction

The main purposeof this documentis to provide a quick-startguide on how to incorporatethe
reference-countingmartpointerclassTeuchos::RCP into C++ programghatusedynamicmemory
allocationandobjectorientation. This codeis includedin the Trilinos [3] tools packageTeuchos .
The designof Teuchos::RCP is basedpartly ontheinterfacefor std::auto  _ptr<> andltems28
and 29 in "More Effective C++” [5]. In short, RCP allows one client to dynamically createan
object(usingoperatomew for instance) passthe objectaroundto otherclientsthatneedto access
the objectandnever requireary clientto explicitly call operatordelete . The objectwill (almost
magically) be deletedwhenall of the clientsremaove their referencedo the object. In principle,
this is very similar to the type of garbagecollectionthatis in languagedike PerlandJava. There
are somepathologicalcasegsuchasthe classicproblemof circular referencesseel5, Item 29,
page212]) whereRCPwill resultin a memoryleak, but thesesituationscan be avoided through
the carefuluseof RCR However, realizingthe potentialof hands-df garbagecollectionwith RCP
requiresfollowing somerules. Theserulesare partially spelledout in the form of commandments
in AppendixC.

Note that direct calls to operatordelete are discouragedn modernC++ programsthat are
designedo be robustin the presenceof C++ exceptionhanding. This is becausehe raw useof
operatordelete  oftenresultsin memoryleakswhenexceptionsarethrovn. For example,in the
codefragment:

void someFunction()  {
A *a = new A;
a->f();
delete a;

}

if anexceptionis throvn in the functioncall a->f() thenthe statementlelete a will never be
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executedandamemoryleakwill have beencreated Theclassstd:;auto  _ptr<> wasaddedo the
standardC++ library (seeg[5, Items9 and10]) to protectagainsthesetypesof memoryleaks. For
example therewritten function:

void someFunction()  {
std::auto_ptr<A> a(new A);
a->f();

}

is robustin the eventof exceptionsandno memoryleakwill occur However, std::auto  _ptr<>
cannot be usedto sharea resourcebetweentwo or moreclientsandthereforeis not an answerto
theissueof generalgarbagecollection. The classRCPnot only is robustin the eventof exceptions
but alsoimplementgeferenceountingandis thereforenoregeneralbut admittedlymorecomple
andexpensve) thanstd::auto  _ptr<> .

The useof RCPis critically importantin the developmentand maintenancef large comple
object-orientegorogramscomposedf mary separately-deslopedpieces(suchasTrilinos). This
discussiorassumeshatthe readerhasa basicfamiliarity and someprogrammingexperiencewith
C++ and hasat leastbeenexposedto the basicconceptsof object-orientedorogramming(good
sourcednclude[2] and[6]). Furthermorethe readershouldbe comfortablewith the useof C++
pointersandreferences.

The appendicesontainbasicreferencematerialfor RCP In mary respectsthe appendicesire
the mostimportantcontritution of this documentFor thosereaderghatlik e to seethe C++ decla-
rationsright away, AppendixA containsthe C++ declarationgor the templateclassRCPandsome
importantassociatechon-membetemplatedfunctions. AppendixB is a shortreference-card-like
quick-startfor the useof RCP The quick-startin this appendixshavs how to createRCP objects
from raw C++ pointers,how to representifferentforms on constantnesssastfrom one pointer
typeto anotheraccesshe underlyingreference-countedbjectaswell asto associatendmanage
extra data. AppendixC givessomecommandmentsor the useof RCPandreinforcesthe material
in AppendixB. AppendixD givestablesof recommendedliomsfor how to passrav C++ objects
andRCRwrappedbjectsto andfrom functions.AppendixE givesallisting for anexampleprogram
thatusesraw pointervariablesanddirectcallsto operatomew andoperatodelete  while Appendix
F shaws arefactoringof this exampleprogramto useRCP

Note! Anxiousreadersareencouragedo jump directly to AppendixE andF to getanideaof
whatRCPis all about. This example,togethemwith thereferencematerialin theappendicesshould
beenoughfor semi-eperiencedC++ developersto startusingRCPright away.

For lessanxiousreadersin thefollowing sectionwe describevhy theuseof raw C++ pointers
andraw callsto operatorew andespeciallyoperatordelete is dif cult to programcorrectlyin
even moderatelycomplex C++ programs. We then discussthe differentways C++ pointersare
usedin suchprogramsand describehow to refactortheseprogramsto replacesomeof the raw
C++ pointersandraw callsto operatorelete with RCP In thefollowing discussiorwe will de ne
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persistingandnon-pesistingassociationandwill make a distinctionbetweerthem(seepagell).
RCPis recommendetbr useonly with persistingassociationsTheconsistentiseof RCPextendsthe
vocalulary of C++in helpingto distinguishbetweernthesetwo typesof relationships.In addition,
RCPis designedor the memorymanagementf individual objects,notraw C++ arraysof objects.
Array allocationanddeallocatiorshouldbe performedusingstandardC++ containersuchasstd-
mvector<> | std::valarray<> or someothersuchcorvenientC++ arrayclassbut the bestchoice
is typically a delug range-cheatd classlike Teuchos::Array . However, it is quite commonto
dynamicallyallocatearraysof RCPobjectsanduseRCPto managehe lifetime of sucharrayclass
objects.

2 An exampleC++ program

The useof object-orientedOO) programingin C++ is the major motivation for the development
of RCP. OO programsare characterizedby the useof abstractlassegi.e. interfaces)andconcrete
subclasse§.e.implementations)in OO programst is commonthattheselectiorof whichconcrete
subclass(egd useis notknown until runtime. The*AbstractFactory”[2] is apopulardesignpattern
thatallows the e xible runtimeselectionof whatconcretesubclasse® create.

Below we describea ctitious programthatdemonstratesomeof thetypical featuresof anOO
programthatusesdynamicmemorymanagemerih C++. In this simpleprogramhandlingmemory
managementisingraw C++ pointersand calls to operatomew and operatordelete  will appear
fairly easybut largermorerealisticOO programsaremuchmorecomplicatecandit is de nitely not
easyto do memorymanagemenwithout somehelp.

2.1 Example C++ program using raw dynamic memory management

Oneof the predominatdeaturesof this exampleprogramis the useof thefollowing abstracinter
facebaseclassUtilityBase thatde nesaninterfaceto provide someusefulcapability

class UtilityBase {
public:
vitual  void f() const = 0;

3

In our exampleprogram UtilityBase  will have two subclassewhereoneor theotherwill be
usedatruntime.

class  UtilityA . public  UtilityBase {
public:



void f() const { std:cout<<"\nUtil ity A: f() called, this="<<this<<"\n"; }

3
class  UtilityB . public  UtilityBase {
public:
void f() const { std:cout<<"\nUtil ity B: f() called, this="<<this<<"\n"; }
3

In this exampleprogramthe above implementatiorfunctionsjust print to standardut.

Someof the clientsin this programhave to createUtilityBase objectswithout knowing ex-
actlywhatconcretesubclassearebeingused.Thisis accomplishedhroughtheuseof the“Abstract
Factory” designpattern[2]. For UtilityBase , theabstracfactorylookslike

class  UtilityBaseFactory {

public:

virtual UtilityBase* createUtility() const = O;
3

andhasthefollowing factorysubclassefor creatingUtilityA  andUtilityB ~ objects.

class  UtilityAFactory . public  UtilityBaseFactory {

public:

UtilityBase* createUtility() const { return new UtilityA(); }
3

class  UtilityBFactory . public  UtilityBaseFactory {

public:

UtilityBase* createUtility() const { return new UtilityB(); }
3

Now let's assumehatour exampleprogramhasthefollowing clientclasses.

/I Simple client with no state
class ClientA {
public:
void f( const UtilityBase &utility ) const { utility.f(); }
13

/I Client that maintains a pointer to a Utility object
class ClientB {

UtilityBase *utility_;

public:
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ClientB()  : utility (0) {

“ClientB() { delete utility_; }
void initialize( UtilityBase *utility ) { utility_ = utility; }
void g( const ClientA &a ) { a.f(*utility ); }
3
/I Client that maintains pointers  to UtilityFactory and Utility objects
class ClientC {
const  UtilityBaseFactory *utilityFactory_;
UtilityBase *utility_;
bool shareUtility_;
public:
ClientC(  const UtilityBaseFactory *utilityFactory, bool shareUtility )
:utilityFactory_(u til ity Factor y),
utility_(utilityFa cto ry- >cr eat eUtili ty( )
,ShareUtility_(sha reUtil ity ) {}
“ClientC() { delete utilityFactory_; delete utility_; }
void h( ClientB *b ) {
if(  shareUtility_ ) b->initialize(utili ty )
else  b->initialize(util ity Factor y - >cr eat eUtili ty( ));
}
3

Thetypeof logic usedin ClientC  for determiningvhennew objectsshouldbecreatedr when
objectsshouldbereusedandpassedroundis commonin largermorecomplicatedOO programs.

Theabore client classeslemonstratéwo differenttypesof associationdetweerobjects:non-
persistingandpersisting

Non-Rersistingassociationgxist only within a singlefunction call anddo not extendafterthe
function has nished executing. For example, objectsof type ClientA  and UtilityBase have
anon-persistingelationshipthroughthe function ClientA::f(const UtilityBase &utility)
Likewise,objectsof typeClientB  andClientA have anon-persistingssociatiorthroughthefunc-
tion ClientB::g( const ClientA &a ).

Persistingassociationarewherearelationshigbetweenwo objectsexistspasta singlefunction
call. The mosttypical kind of persistingassociatiorin an OO C++ programis whereone object
maintainsa private pointer datamemberto anotherobject. For example, persistingassociations
exist betweera ClientC  object, a UtilityBaseFactory anda UtilityBase objectthroughthe
the private C++ pointerdatamember<ClientC::utilityFac tor y_ andClientC::utility _re-
spectvely. Likewise,a persistingassociatiorexistsbetweera ClientB  objectanda UtilityBase
objectthroughthe private pointerdatamemberClientB::utility _

Persistingrelationshipsare signi cantly more complex thannon-persistingelationshipssince
a persistingrelationshipusuallyimplies that someobjectsmustbe responsibldor the lifetime of
otherobjects.Thisis neverthe casein a non-persistingelationshipasde ned aborve.
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AppendixE shavs anexampleprogramthat usesall of the C++ classeslescribedabove. The
programin AppendixE hasseveral memorymanagemenproblems. An astutereaderwill notice
that the UtilityBaseFactory createdin main() getsdeletedtwice; oncein the destructorfor
theClientC objectc andagainat the endof main() in anexplicit call to operatordelete . This
problemcould be x edin this programby arbitrating“ownership”of the UtilityBaseFactor y
objectto eithermain() ortheClientC object,but notbothwhichis thecasen AppendixE.

A moredif cult memory managemenproblemto catchand x occursin the ClientB  and
ClientC objectsregradinga sharedutilityBase object. When shareUtility is setto false
(by theuserin the commandlinearguments}the objectsbl, b2 andc eachown a pointerto differ-
entUtilityBase objectsandthe softwarewill correctlydeleteeachdynamicallyallocatedobject
using one and only one call to operatordelete (in the destructorsof theseclasses). However,
when shareUtility is to setto true the objectsbl, b2 andc will containpointersto the same
UtilityBase objectandoperatorelete  will becalledonthis sharedJtilityBase objectmulti-
ple timeswhenbl, b2 andc aredestrged. In this case,it is not so easyto arbitrateownershipof
the sharedJtilityBase objectto theClientB ortheClientC objects.Logic couldbedeveloped
in this simpleprogramto insurethatownershipwasassignegbroperlybut suchlogic would enlage
the program,complicatemaintenanceand would ultimately make the software componentdess
reusableln morecomple programsfrying to dynamicallyarbitrateownershipatruntimeis much
moredif cult anderrorproneif donemanually

2.2 Refactored exampleC++ program using Teuchos::RCP

Now we describehow RCPcanbe usedto greatlysimplify dynamicmemorymanagemerin these
typesof OO programs AppendixF shavs therefactoringof the programin AppendixE to useRCP
for all persistingrelationships.In general refactoringsoftwarethatusesraw C++ pointersto use
RCPis assimpleasreplacingthe type T* with RCP<T> whereT is nearlyary classor built-in data

type.

The rst persistingrelationshipfor which RCPis usedis the relationshipbetweena Utility-
BaseFactory objectandaclientthatusest. Therefactoringchangeshereturntype of Utility-
BaseFactory::creat eUtili ty( ) from araw UtilityBase* pointerto a RCP<UtilityBase>
object. Thenew “AbstractFactory” classdeclarationgassuminghatthesymbolsfrom the Teuchos
namespacarein scopesothatexplicit Teuchos:: quali cation is notnecessarypecome

class UtilityBaseFactory {

public:

virtual RCP<UtilityBase> createUtility() const = Q;

3

class  UtilityAFactory . public  UtilityBaseFactory {

public:

RCP<UtilityBase>  createUltility() const { return rcp(new UtilityA()); }
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3

class  UtilityBFactory . public  UtilityBaseFactory {

public:

RCP<UtilityBase>  createUltility() const { return rcp(new UtilityB()); }
3

In additionto the changeof thereturntype, the refactoringalsorequiresthat calls to operator
new bewrappedn callsto thetemplatedunction Teuchos::rcp(...)

Therefactoringshavn in AppendixF doesnotimpactthede nition of theclassClientA  since
this classdoesnothave ary persistingelationshipsvith ary otherobjects.However, thede nitions
of theclasse<lientB andClientC dochangeandbecome

class ClientB {
RCP<UtilityBase> utility_;

public:
void initialize(const RCP<UtilityBase> &utility) { utility_=utility; }
void g( const ClientA &a ) { a.f(*utility ); }

13

class ClientC {

RCP<UtilityBaseFacto  ry> utilityFactory_;
RCP<UtilityBase> utility_;

bool shareUtility_;

public:
ClientC(  const RCP<UtilityBaseFacto  ry> &utilityFactory, bool shareUtility )
:utilityFactory_(u til ity Factor y),
utility_(utilityFa cto ry- >cr eat eUtili ty( ))

,ShareUtility_(sha reUtil ity ) {}
void h( const Ptr<ClientB> &b ) {
if(  shareUtility_ ) b->initialize(utili ty )
else b->initialize(utili tyF act ory _->cre ate Uti lit y() );

}
3

The rst thingthatoneshouldnoticeabouttherefactoredClientB  andClientC  classess that
theirdestructoraregone.lt turnsout thatthecompilergeneratediestructorslo exactly the correct
thing (i.e. call the destructoion the RCPdatamembersvhich in turnscalls operatordelete  onthe
underlyingreference-countedbjectwhenthe referencecountgoesto zero). The secondhing that
oneshouldnoticeis thattheold default constructoClientB::ClientB() whichinitialized theraw
C++pointerutility  _to null is nolongerneededinceRCPhasadefault constructothatdoesthat.
A third thing to notice abouttheserefactoredclient classeds thatthe RCPobjectsare passedy
const referenceseeAppendixD) andnot by valueasthecorrespondingaw pointerswherein the
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original unfactoredclasses.PassingRCPobjectsby const referenceyields slightly moreef cient
codeandsimpli es steppinghroughthe codein adelugger For example,afunctiondeclaredas

void someFunction( RCP<A>a );

will always resultin the copy constructorfor RCP being called (and thereforesteppednto in a
delugger)while this samefunctiondeclareds:

void someFunction( const RCP<A>g&a );

will oftennotrequirethe copy constructobe called (exceptin casesvhereanimplicit conversion
is beingperformedasdescribedn AppendixB) andtherebyeasingdehugging.

Lastly, above, theclassPtr is a Teuchoson-reference-caotied smartpointerclassdesignedo
avoid raw pointers.lIt is usedfor non-persistingassociationsvherea raw pointerwould otherwise
be used. Ptr initializesto NULL andin delug modeit will throv exceptionexceptionswhen
dereferencingNULL. Ptr playsasmallrolein theoverall stratgy to avoid all raw C++ pointersat
theapplicationprogrammindevel.

As anaside notethatAppendixD givesrecommendedliomsfor how to passaw C++ objects
andRCRwrappedbjectsto andfrom functionsin away thatresultin functionprototypesecoming
as self documentingas possible, help to avoid codingerrorsandincreasethe readabilityof C++
code. Also, in additionto the bene t thatRCPeaseglynamicmemorymanagementhe selectve
useof RCPandraw C++ objectreferencegxtendsthe vocalulary of the C++ languageby helping
to distinguishbetweerpersistingandnon-persistingssociationsFor example,whena oneseesa
function prototypewhereanobjectis passedhrougha RCPsuchas

class SomeClass {
public:
void someFunction( const RCP<A>&a );

}

one can automaticallydeducethat “memory” of the A objectwill be retained(througha private
RCP<A>datamembelin SomeClass nodoubt)andthatshouldautomaticallyalterhow thedeveloper
planson calling thatfunctionandpassinghe A object. TherefactoredC++ programin AppendixF
providesanexampleof how theidiomspresentedh AppendixD areputto use.

3 Additional and advancedfeaturesof RCP

The usecasedor RCPdescribedabore comprisea large majority of the relaventusecasesn most
programsput therethereare someotherusecaseghat requireadditionalandmoreadvancedfea-
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tures.Someof theseadditionalfeatureqthe C++ declarationgor which areshavn in AppendixA)
arementionecdbelow:

1. Casting

RCP objectscan be castedin a mannersimilar to castingraw C++ pointersand the same
typesof corversionrulesapply Analogsof thebuilt-in castsstatic _cast<> , const _cast<>
anddynamic _cast<> aresupportedby the non-membetemplatedfunctionsrcp _static -
cast<> , rcp _const _cast<> andrcp _dynamic _cast<> respectiely. SeeAppendix B for
examplesof how they areused.

2. Reference-countinformation
ThefunctionRCP::count()  returnsthe numberof RCPobjectsthat point to the underlying
reference-countedbject. This informationcanbe usefulin somecases.

3. Customizeddeallocationpolicies

Thedefault behaior of RCPis to call operatordelete  onreference-countegbjectsoncethe
referencecountgoesto zero. While this is the mostcommonlyneededoehaior, thereare
usecasesvheremore specializeddellocationpolicesarerequired. For thesecasesthereis

an overloadedform of the templatedfunction Teuchos::rcp(...) thattakes a templated
deallocationpolicy objectthatde nes how a reference-countedbjectis deallocatedvhen
required.

4. Associatingextra data with a reference-countedobject

Therearesomemoredif cult usecasesvherecertaintypesof informationor otherobjects
mustbe bundledwith areference-counteobjectandmustnot be deleteduntil thereference-
countedobjectis deleted. The non-membetemplatedfunctionsset _extra _data<>(...)
andget _extra _data<>(...) sene this purpose(seeitem (6) in AppendixB). Note that
the extradatamechanisnreliesonanstd:map andstringcomparisongtc. andcanimpart
someunacceptablyigh overheadn someusecases.

5. Embeddedingan object on creation of an RCP object

Similar to the useof extra data,the RCP classalso supportsthe conceptof an embedded
object. The functionsrcpWithEmbeddedObj [Pr eDest roy ,Po stD estro y]( ... ) (see7in
AppendixB) canbe usedcreatean RCPobjectand embeddary othervalue-typeobjectin
the createdRCPNode This usesa customizeddeallocatorclassand impartslessoverhead
thanthe extra datafeatureat the costof beingless e xible (i.e. you cancanonly embedd
a single value objectandit mustbe doneright whenthe rst RCPobjectis created). The
adwantageof this approachs thatacces®f theembeddeabjectusingthe getfNonconst]-
EmbeddedObj(...) is fasterthanwhenusingextra databut requiresthatyou provide more
information.

6. Checkingfor memory leaksfrom circular references
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In adehugbuild, theusercanenablecheckingfor memoryleakscausedy circularreferences
amongRCPobjects.If cicularreferenceslo exist, thenRCPNodeobjectsthatwherecreated
but not removed are displaedat the end of a program. Seethe le Teuchos RCP.cpp for
details.

4 Summary

ThetemplatedC++ classRCPprovidesa low-overheadbptionfor (almost)automationemoryman-
agementin C++. This classhasbeendevelopedandre ned over mary yearsand hasbeenin-

strumentaliin improving the quality of software projectsthat useit consistently(for examplesee
MOOCHO[1]). Carefuluseof RCPeliminatesthe needto manuallycall operatordelete when
dynamicallyallocatedobjectsareno longerneeded Furthermoreit helpsto reducethe amountof

codethatdevelopershaveto write. For example mostclasseshatuseRCPfor dynamicallyallocated
memorydo not needdevelopersupplieddestructorsThis becausehe compilergeneratedlestruc-
torsdotheexactly correctthingwhichis to call destructor®@nanobjects constituentiatamembers.
This wasdemonstrateth the differencebetweenthe original andrefactoredclasse<lientB  and
ClientC describedn Section2.1and2.2.

TheclassRCPalsohasadwancedeaturemnotfoundin othersmart-pointermplementationsuch
astheability to attachextra dataandthe customizatiorof the deallocatiomolicy.
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A C++ declarationsfor RCP

namespace Teuchos {
enum ENull { null };

enum EPrePostDestruction

{ PRE_DESTROY,POST DESTROY:

template<class T>
class DeallocDelete { public: void free( T* ptr ) { if(ptr) delete ptr; } %
template<class T>
class DeallocArrayDelete { public: ~ void free( T* ptr ) { if(ptr) delete [ ptr; } %
template<class ™
class RCP{
public:
typedef T element_type;
explicit RCP( T* ptr, bool owns_mem= true );
RCP( ENull null_arg = null );
RCP(const RCP<T>&r_ptr);
template<class T2> RCP(const RCP<T2>&r_ptr);
"RCP();
RCP<T>& operator=(const RCP<T>&r_ptr);
T* operator->() const;
T& operator¥() const;
T* get() const;
T* release();
int count() const;
void set_has_ownership();
bool has_ownership() const;
bool shares_resource(const RCP<T>&r_ptr)  const;
private:
3
template<class T> RCP<T> rep( T* p );
template<class ™ RCP<T> rcp( T* p, bool owns_mem);
template<class T,
class Dealloc_T> RCP<T> rcp( T* p, Dealloc_ T dealloc, bool owns_mem);
template<class T,
class Embedded> RCP<T>  rcpWithEmbeddedObjPreDestroy( T p,
const Embedded &embedded, bool owns_mem = true );
template<class T,
class Embedded> RCP<T>  rcpWithEmbeddedObjPostDestroy( T p,
const Embedded &embedded, bool owns_mem= true );
template<class T,
class Embedded> RCP<T> rcpWithEmbeddedObj(  T* p,
const Embedded &embedded, bool owns_mem= true );
template<class ™ bool is_null(const RCP<T>& p);
template<class T> bool operator==(const RCP<T>&p, ENull);
template<class ™ bool operator!=(const RCP<T>&p, ENull);
template<class T2, class T1> bool operator==(const RCP<T1>& p1,
const RCP<T2>&p2 )
template<class T2, class T1> bool operator!=(const RCP<T1>& p1,
const RCP<T2>&p2 );
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template<class T2, class T1> RCP<T2> rcp_implicit_cast(const RCP<T1>& pl);
template<class T2, class T1> RCP<T2> rcp_static_cast(const RCP<T1>& pl);
template<class T2, class T1> RCP<T2> rcp_const_cast(const RCP<T1>& pl);
template<class T2, class T1> RCP<T2> rcp_dynamic_cast(const RCP<T1>& p1,
bool throw_on_fail = false );
template<class T1, class T2> int set_extra_data( const T1 &extra_data,
const std::string& name, const Ptr<RCP<T2> > &p,
bool force_unique = true,
EPrePostDestruction destroy when = POST_DESTROY;
template<class T1, class T2> const T1& get_extra_data( const RCP<T2>&p,
const  std::string& name );
template<class T1, class T2> T1& get_nonconst_extra_data( const RCP<T2>& p,
const std::string& name );
template<class T1, class T2> T1* get_optional_extra_data( const RCP<T2>& p,
const std::string& name );
template<class T1, class T2> const T1* get_optional_extra_data( const RCP<T2>& p,
const std::string& name );
template<class Dealloc_T,
class T> const Dealloc_T& get dealloc( const RCP<T>&p );
template<class Dealloc_T,
class T> Dealloc_T& get_nonconst_dealloc( const RCP<T>&p );
template<class Dealloc_T,
class T> const Dealloc_ T*  get optional_dealloc( const RCP<T>&p );
template<class Dealloc_T,
class T> Dealloc_T* get_optional_nonconst_dealloc( const RCP<T>&p );
template<class TOrig,
class Embedded, class T> const Embedded& getEmbeddedObj( const RCP<T>&p );
template<class TOrig,
class Embedded, class T> Embedded& getNonconstEmbeddedObj(  const RCP<T>&p );
} /I namespace Teuchos
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B RCPquick-start and reference

This appendixpresentsa short, but fairly comprehense, quick-startfor the useof RCP. The use
casegslescribedereshouldcovertheoverwhelmingmajority of theuseinstance®f RCPin atypical
program.

Thefollowing classhierarchywill beusedin the C++examplesgivenbelow.

class A { public; virtual  "A(){} A& operator=(const A&){} wvirtual  void fO{f }
class B1 :; virtual public A {};

class B2 : virtual  public A {};

class C: virtual  public B1, virtual  public B2 {};

class D {}
class E : public D {};

All of the following code examplesusedin this appendixare assumedo be in the names-
paceTeuchos or have appropriateusing Teuchos:.... declarations.This removesthe needto
explicitly useTeuchos:: to qualify classesfunctionsand other declarationdrom the Teuchos
namespacelNote that someof the runtime checksaredenotedas“debug runtimecheclked” which
meanghatcheckingwill only be performedin a detug build (thatis onewherethe macro DEBUG
is de ned atcompiletime).

1. Creation of RCPobjects

(a) Initializing a RCPobjectto NULL
RCP<C> c_ptr;
or
RCP<C>c ptr = null

(b) Creatinga RCPobject using new
RCP<C>c_ptr = rcp(new C);
or
RCP<C>c_ptr(new C);

(c) Creatinga RCPobjectto an array allocatedusing new[n]
SeetheclassTeuchos::ArrayRCP

(d) Initializing a RCPobject to an object not allocatedwith new

C c;
RCP<C>c_ptr = rcp(&c,false);
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(e) Copy constructor (implicit casting)

RCP<C> cptr  =rcp(new C); /I No cast
RCP<A> aptr = c_ptr Il Cast to base class
RCP<const A> ca_ptr = a_ptr; /I Cast from non-const to const

() Representingconstantnessand non-constantness

i. Non-constantpointer to non-constantobject

RCP<C>c_ptr;

ii. Constantpointer to non-constantobject
const RCP<C>c_ptr;

iii. Non-Constantpointer to constantobject
RCP<const C> c_ptr;

iv. Constantpointer to constantobject
const RCP<const C> c_ptr;

2. Reinitialization of RCPobjects(using assignmentoperator)

(a) Resettingfrom araw pointer

RCP<A> a_ptr;
a ptr = rep(new  A();

(b) Resettingto null

RCP<A>a_ptr = rcp(new A();
aptr =nul; /I The A object will be deleted here

(c) Assigningfrom a RCPobject

RCP<A> a_ptrl;
RCP<A>a_ptr2 = rcp(new  A());
aptrl =aptr2; // Nowaptrl and a ptr2 point to same A object

3. Accessinghe reference-countedobject

(a) Accesdo object reference(debug runtime checled)
C &c_ref = *c_ptr;

(b) Accesdo object pointer (unchecked, may return NULL, NOT RECOMMENDED)
C *c_rptr = c_ptr.get();

(c) Accesdo object pointer (debug runtime checled,will not return NULL, NOT REC-
OMMENDED)

C *c_rptr = &*c_ptr;

(d) Accessof object's member (debug runtime checked)
c_ptr->f();

(e) Testingfor non-null
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if(  lis_null(a_ptr) ) std::cout << "a_ptr is not null'\n";
or
ift aptr !'= null ) std:cout << "a_ptr is not null\n";

(f) Testingfor null

if(  is_null(a_ptr) ) std::cout << "a_ptr is nullhn;

or

ift aptr == null ) std::cout << "a_ptr is nul\n";
4. Casting

(a) Implicit casting (seecopy constructor above)

i. Using copy constructor (seeabove)
ii. Using corversion function

RCP<C> c ptr = rcp(new C); /I No cast
RCP<A> a ptr = rcp_implicit_cast<A> (c_ptr ); /I To base
RCP<const A> ca_ptr = rcp_implicit_cast<co nst  A>(a_ptr);/ To const
(b) Casting away const
RCP<const A> ca ptr rcp(new  C);

RCP<A> a ptr = rcp_const_cast<A>(c  a ptr) ; // cast away const!
(c) Static cast(no runtime check)

RCP<D> d_ptr
RCP<E> e ptr

rcp(new  E);
rcp_static_cast<e>(d _ptr); /I Unchecked, unsafe?

(d) Dynamic cast(runtime checked, failed castallowed)

RCP<A> a_ptr
RCP<B1> bl _ptr
RCP<B2> b2_ptr
RCP<C> c_ptr

rcp(new  C);

rcp_dynamic_cast<B1 >(@ ptr); /| Checked, safe!
rcp_dynamic_cast<B2 >(b 1 ptr) ; // Checked, safe!
rcp_dynamic_cast<C> (b2 ptr); [/l Checked, safe!

(e) Dynamic cast(runtime checked, failed castnot allowed)

RCP<A> a_ptrl
RCP<A> a_ptr2
RCP<B1> bl ptrl
RCP<B1> bl ptr2

rcp(new  C);

rcp(new  A);

rcp_dynamic_cast<B  1>(a_ptrl tr ue); /[ Success!
rcp_dynamic_cast<B  1>(a ptr2 tr ue); // Throw std::bad cast!
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5. Customizeddeallocators

(a) Creatinga RCPobject with a customdeallocator
RCP<C>c_ptr = rcp(new C[N],DeallocArrayDe  let e<C>() ,ir ue);
(b) Accesscustomizeddeallocator (runtime checked, thr ows on failur e)

const DeallocArrayDelete< C>
&dealloc = get dealloc<DeallocA rra yDelet e<C> >(c_ptr);

(c) Accessoptional customizeddeallocator

const DeallocArrayDelete< C>
*dealloc = get_optional_dealloc <Deall ocArra yDelet e<C> >(c_ptr);
if(dealloc) std::cout << "This  deallocator exits'\n";

6. Managing extra data

(a) Adding extra data (postdestruction of extra data)
set_extra_data(rcp( new B1),"A:B1".&a ptr);
(b) Adding extra data (pre destruction of extra data)
set_extra_data(rcp( new B1),"A:B1".&a ptr,P RE_DESIORY);
(c) Retrieving extra data
get extra_data<RCP<  B1> >(a_ptr,"A:B1")->f( );
(d) Resettingextra data
get_extra_data<RCP< B1> >(a_ptr,"A:B1") = rcp(new C);
(e) Retrieving optional extra data
const RCP<B1>*hl = get optional_extra_ dat a<RCP<B1> >(a_ptr,"A:B1");
if(bl)  (*b1)->f();
7. Embeddedobjects

(a) Creatingan RCP object with embeddeddata

RCP<D>d_ptr(new D),
RCP<A>a_ptr rcpWithEmbeddedObj(n ew C, rcp(new D));

(b) Extract referenceto constembeddedobject
const RCP<D>&d ptr = getEmbeddedObj<C,RCP <D> >(a_ptr);
(c) Extract referenceto nonconstembeddedobject

RCP<D>&d _ptr = getNonconstEmbeddedO bj< C,RCP<D> >(a_ptr);
d_ptr = null; /| Sets the actual embedded RCP<D>object in a_ptr to null
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C Commandmentsfor the useof RCP

Here are listed commandment$or the useof RCP Thesecommandmentseinforce someof the
materialin the quick-startin AppendixB. Along with eachcommandmenis one or more anti-
commandmentstatingthe negative of thecommandmentC++ codefragmentsarealsoincludedto
demonstrateachcommandmeng&ndanti-commandment.

Commandmentl Thoushall puta pointerfor an objectallocatedwith opelator new into a RCP
objectonly once Thebestwayto insure thisis to call opeator new directlyin a call torcp(...)

to createa dynamicallyallocatedobjectthat is to be manaed by a RCPobject. Seeitem (1b) in
AppendixB.

Anti-Commandment 1 Thoushall never givea raw C++ pointerreturnedfromopeiator new to
more thanoneRCPobject.

Example:

A *ra_ptr = new C;
RCP<A>a ptrl = rcp(ra_ptr); Il Okay
RCP<A>a_ptr2 = rcp(ra_ptr); /' no, No, NO!!

Anti-Commandment 2 Thoushall never givea raw C++ pointerto an array of objectsreturned
fromopeiator new[] to a RCPobjectusingrcp(new C[n])

Example:
RCP<std::vector<C> > c_array_ptrl = rcp(new  std::vector<C>(N)); /I Okay
RCP<C> c_array_ptr3 = rcp(new C[n)); /I no, No, NO!

Commandment2 Thoushall only createa NULL RCPobjectby usingthe defaultconstructoror
by usingthe null enum(and its associatedspecialconstructor)(seeitem (1a) in AppendixB).
Trying to assignto NULL or O will notcompile

Anti-Commandment 3 Thou shall not createa NULL RCPobjectusing the templatedfunction
rep(...) sinceit is veryverboseand complicatesnaintenance

Example:

25



RCP<A>a_ptrl
RCP<A>a_ptr2

null; Il Yes :-)
rcp<A>(NULL); Il No, too verbose :-(

Commandment3 Thoushallonlypassaraw pointerfor anobjectthatis notallocatedby operator
new (e.g. allocatedon the stak) into a RCPobjectby usingthe templatedfunctionrcp<T>(T*
p, bool owns_mem)andsettingowns_mento false (seeitem(1d)in AppendixB).

Anti-Commandment 4 Thoushall never passa pointerfor an objectnot allocatedwith operator
new into a RCPobjectwithoutsettingowns _mento false

Example:
Cc
RCP<A>a ptrl = rcp(&c,false); II' Yes :)
RCP<A>a ptr2 = rcp(&c); II' no, No, NO!!

Commandment4 Thoushall only castbetweernRCPobjectsusingthe default copy constructor
(for implicit corversions) and the nonmembetemplatefunctionsrcp _implicit cast<>(-

...) ,Icp _static _cast<>(...) ,rcp _const _cast<>(...) andrcp _dynamic _cast<>(-
...) (seeitem(4)in AppendixB).

Anti-Commandment 5 Thoushall never convert betweerRCPobjectsusingraw pointeraccess.

Example:
RCP<A> a ptr = rcp(new C);
RCP<B1> bl ptrl = rcp_dynamic_cast<Bl> (a_ ptr ); Il Yes :)

RCP<B1>  bl_ptr2 rcp(dynamic_cast<B1l*  >(a _ptr.g et( ))) ; // no, No, NO!
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D Recommendationdor passingobjectsto and from C++ functions

Below are recommendeddioms for passingrequired and optionaf agumentsinto and out of
C++functionsfor varioususecasesanddifferenttypesof objects.Theseidiomsshav how to write
functionprototypeargumentdeclarationsvhich exploit the C++languagen awaythatmalkesthese
functionprototypesasselfdocumentingispossible avoids codingerrors andincreaseseadability?
of C++ code. In general RCP<T>objectsshouldbe passedand manipulatedasthoughthey where
rav C++ pointerT* objects. However, while raw C++ pointerobjectsshouldgenerallybe passed
by value,RCPobjectsshouldgenerallybe passedy referencdor seseralreasons.

| Argumentpurpose | Non-Persisting | Persisting \
Ss
or
non-changeablebject(required) | const S's const RCP<const S> &s
or
const S &s
non-changeablebject(optionaf) | const Ptr<const S> &s | const RCP<const S> &s
changeablebject const Ptr<S> &s const RCP<S>&s

C++declarationgor passingsmallconcreteobjects(i.e. with valuesemanticsho andfrom functions
whereS is a placeholderfor anactualbuilt-in or userde ned datatype.

| Argumentpurpose | Non-Persisting | Persisting |
non-changeablebject(required) | const A &a const RCP<const A> &a
non-changeablebject(optionaf) | const Pir<const A> &a | const RCP<const A> &a
changeablebject const Ptr<A> &a const RCP<A>&a

C++ declarationdor passingabstractobjects(i.e. with referenceor pointer semantics)r large
concreteobjects(i.e. thataretoo expensve to copy) to andfrom functionswhereA is aplaceholder
for anactualabstracC++baseclass.

IRequiredargumentsmustbe boundto valid objects(i.e. cannotbe NULL)
20ptionalargumentsnaybeNULLin somecases
SWhatmalescodemore“readable’is subjectie of course.
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E Listing: Example C++ program using raw dynamic memory man-
agement

#include  "example_get args.h  pp"

/I Abstract interfaces
class UtilityBase {

public:

vitual  void f() const = 0;

%

class UtilityBaseFactory {

public:

virtual UtilityBase* createUtility() const = O;

3

/I Concrete implementations

class  UtilityA : public  UtilityBase {

public:

void f() const { std:cout<<"\nUtil ity A: f() called, this="<<this<<"\n"; }
Y

class  UtilityB . public  UtilityBase {

public:

void f() const { std:cout<<"\nUtil ity B: f() called, this="<<this<<"\n"; }
3

class  UtilityAFactory . public  UtilityBaseFactory {

public:

UtilityBase* createUtility() const { return new UtilityA(); }
%

class  UtilityBFactory . public  UtilityBaseFactory {

public:

UtilityBase* createUtility() const { return new UtilityB(); }
3

/I Client classes

class ClientA {

public:

void f( const UtilityBase &utility ) const { utility.f(); }
3

class ClientB {

UtilityBase *utility_;

public:
ClientB()  : utility_(0) {
"ClientB() { delete utility_; }
void initialize( UtilityBase *utility ) { utility_ = utility; }
void g( const ClientA &a ) { a.f(tutility ); }
Iy

class ClientC {
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const  UtilityBaseFactory *utilityFactory_;
UtilityBase *utility_;
bool shareUtility_;

public:
ClientC(  const UtilityBaseFactory *utilityFactory, bool shareUtility
:utilityFactory_(u til ity Factor y)
utility_(utilityF act ory ->c rea teUtil ity ()
,ShareUtility_(sha redtil ity ) {}
"ClientC() { delete utilityFactory_; delete utility_; }
void h( ClientB *b ) {
if(  shareUtility_ ) b->initialize(utili ty )
else b->initialize(utili tyF act ory _->cre ate Uti lit y() );
}
3
/I Main program
int  main( int arge, char* argv]] )
{

Il Read options from the commandline

bool useA, shareUtility;

example_get args(arg  c,a rgv ,&u seA,&s har eUtili ty) ;
Il Create factory

UtilityBaseFactory *utilityFactory =0
ifluseA)  utilityFactory = new UtilityAFactory();
else utilityFactory = new UtilityBFactory();
Il Create clients

ClientA &;

ClientB  bl, b2

ClientC  c(utilityFactory,s har eUtili ty) ;

/I Do some stuff

c.h(&bl);

c.h(&b2);

bl.g(a);

b2.g(a);

/I Cleanup memory
delete utilityFactory;
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F Listing: Refactored exampleC++ program using RCP

#include  "Teuchos_RCP.hpp"
#include  "example_get args.h  pp"

/I Inject symbols for RCPso we dont need Teuchos: qualification

using Teuchos::RCP;

using Teuchos::rcp; /I Warning! This can be dangerous and is not to be used in generall
using Teuchos::Ptr;

/I Abstract interfaces

class UtilityBase {

public:

vitual  void f() const = 0;

13
class  UtilityBaseFactory {
public:
virtual RCP<UtilityBase> createUtility() const = Q;
3
/I Concrete implementations
class  UtilityA : public  UtilityBase {
public:
void f() const { std:cout<<"\nUtil ity A f() called, this="<<this<<"\n"; }
3
class UtilityB . public  UtilityBase {
public:
void f() const { std:cout<<"\nUtil ity B: f() called, this="<<this<<"\n"; }
3
class  UtilityAFactory . public  UtilityBaseFactory {
public:
RCP<UtilityBase> createUtility() const { return rcp(new UtilityA()); }
3
class  UtilityBFactory . public  UtilityBaseFactory {
public:
RCP<UtilityBase> createUtility() const { return rcp(new UtilityB()); }
3

/I Client classes

class ClientA {

public:

void f( const UtilityBase &utility ) const { utility.f(); }

3

class ClientB {

RCP<UtilityBase> utility_;

public:

void initialize(const RCP<UtilityBase> &utility) { utility =utility; }

31



void g( const ClientA &a ) { a.f(*utility ); }

3
class ClientC {
RCP<const UtilityBaseFactory> utilityFactory_;
RCP<UtilityBase> utility_;
bool shareUtility_;
public:
ClientC(  const RCP<const UtilityBaseFactory> &utilityFactory, bool shareUtility
:utilityFactory_(u til ity Factor y)
utility_(utilityF act ory ->c rea teUtil ity ()
,ShareUtility_(sha reUtil ity ) {}
void h( const Ptr<ClientB> &b ) {
if(  shareUtility_ ) b->initialize(utili ty )
else b->initialize(utili tyF act ory _->cre ate Uti lit y() );
}
13

/I Main program

int  main( int argc, char* argv] )

{

Il Read options from the commandline

bool useA, shareUtility;

example_get args(arg  c,a rgv ,&u seA,&s har eUtili ty) ;
Il Create factory

RCP<UtilityBaseFacto  ry> utilityFactory;

ifluseA)  utilityFactory rcp(new  UtilityAFactory());
else utilityFactory rcp(new  UtilityBFactory());
Il Create clients

ClientA  a;

ClientB b1, b2;

ClientC  c(utilityFactory,s har eUtili ty) ;

II' Do some stuff

c.h(&bl);

c.h(&b2);

bl.g(a);

b2.g(a);

32



